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On behalf of the KM3NeT Collaboration, 

NPC Neutrino Seminar at Fermilab, November 16, 2017

KM3NeT:  

A neutrino detector in the Mediterranean deep-sea
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I N T R O D U C T I O N

• Current position: postdoctoral fellow at UW Madison/
WIPAC  

• IceCube, CHIPS 

• Former position: postdoc at Nikhef Amsterdam  

• KM3NeT 

• Optical Module integration coordinator
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O U T L I N E

• KM3NeT Introduction 

• Neutrino Detection and Event Topologies 

• KM3NeT Physics  

• KM3NeT Detector and Construction 

• KM3NeT First Results, Current Status and Outlook
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K M 3 N E T  M O T I VAT I O N
• km

3
 Ne(utrino) T(elescope) 

• Northern Hemisphere counterpart of 
existing IceCube detector at South Pole 

• Independent confirmation of 
astrophysical high-energy neutrino flux 
as discovered by IceCube 

• Point source studies with 
unprecedented angular resolution 

• Larger scattering length in water 
compared to ice 

• Low energy atmospheric neutrinos: 
oscillation studies 

• Sea science infrastructure
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6 year HESE data 

E > 60 TeV 

ϴ<20o 

Points : Fermi data 

Courtesy: A. Heijboer and  

E. Resconi, ICRC 2017 
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K M 3 N E T  C O L L A B O R AT I O N

• 13 countries 

• 51 institutes 

• ≧ 220 
scientists
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N E U T R I N O  D E T E C T I O N
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E V E N T  T O P O L O G I E S

7

Tracks 

• νμ → μ charged current (CC) 
interaction 

• Good angular resolution 

• Poor energy resolution

Cascades/showers 

• ντ → τ and νe → e charged 
current (CC) interactions 

• Neutral current (NC) interactions 
of all neutrino flavors 

• Poor angular resolution 

• Good energy resolution
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K M 3 N E T  P H Y S I C S

ORCA 

(Oscillation Research with Cosmics in the Abyss) 

• GeV (low-energy) 
atmospheric neutrinos
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ARCA 

(Astrophysics with Cosmics in the Abyss) 

• TeV-PeV (high-energy) 
astrophysical neutrinos

Same DOM and DU technology, only detector 
layout dimensions are scaled! 
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O R C A
Measurement of neutrino oscillation parameters and  determination of the neutrino 
mass hierarchy (NMH): 

• In matter, νe/anti-νe acquires effective potential through CC elastic interactions with 
electrons, resulting in modified oscillation probabilities 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O R C A  N M H  A N A LY S I S
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Oscillograms of (NIH-NNH)/NNH give the relative difference in event numbers between NH and IH
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O R C A  N M H  S E N S I T I V I T Y  S T U D Y
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• Sensitivity to distinguish 
between normal and inverted 
hierarchy: 3 sigma in three 
years 

• Normal hierarchy and upper 
octant for θ23 gives more 
sensitivity (5 sigma in three 
years)

• Pick true physics and nuisance parameters 

• Generate two sets of many pseudo-experiments for both NH 
and IH 

• For both sets, calculate LLR = log(ℒ
NH

/ℒ
IH

), where ℒ
NH

 and ℒ
IH 

are the best-fit likelihoods under the NH and IH assumption, 
respectively 

• Fit LLR distributions with Gaussians 

• Median significance or sensitivity S = (μ
NH

 - μ
IH

)/(σ
IH

), gives the 
probability of observing median LLR of wrong hierarchy
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O R C A  N E U T R I N O  O S C I L L AT I O N  
PA R A M E T E R S
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• Achieve 2-3% precision in Δm2
32 

and 4-10% in sin2θ23 after 3 
years  

• Competitive with LBL 
experiments projected 
sensitivities in 2020 

• Early determination of the θ23 

octant is feasible

• θ12, θ13 and δm2 fixed 

• Energy scale uncertainty added (no 
impact on NMH sensitivity)



D
aan van Eijk, N

PC
 N

eutrino
 Sem

inar

S U P E R N O VA S  A N D  TA U  N E U T R I N O S  

• Supernova detection: 

• ~10 MeV neutrinos 

• Enhanced collective coincidence rate  
between PMTs in DOMs 

• At ≧ 6 coincidences per DOM, SN 
signal exceeds background
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Excess of modules where 6-10 PMTs fire simultaneously

• Tau appearance/normalization: 

• ν
τ 
appearance tests PMNS unitarity and 

BSM theories  

• ~ 3k ν
τ 
CC events/year with full ORCA 

• Rate constrained within ~10% in 1 year  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O T H E R  O R C A  S C I E N C E

• Sterile neutrinos and NSI 

• Indirect dark matter detection 

• Neutrino beam from Protvino 
(Russia) to ORCA 

• Earth tomography and 
composition 

• Earth and Sea sciences
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I N T E R M E Z Z O :  I C E C U B E
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HESE: High-energy starting events 

Observed flux :  

6.7x10-18 GeV-1 cm-2 sr-1 s-1 (E/100 TeV)-2.50

Earth through-going muons: 

Observed flux:  

0.90x10
-18

 GeV
-1

 cm
-2

 sr
-1

 s
-1

 (E/
100 TeV)

-2.13
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A R C A  
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Independent confirmation of astrophysical high-energy neutrino flux as 
discovered by IceCube with different methodology, improved resolution 
and a complementary field of view 

Most galactic sources in Southern sky → ideal for KM3NeT
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A R C A  R E S O L U T I O N S  
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Upgoing tracks (νμ CC): 

Angular resolution < 0.2° 
for Eν > 10 TeV 

Energy resolution < 0.3 in 
log10(Ereco/Eν)

Cascades (NC, νe,τ CC): 

Angular resolution < 1.5°  

Energy resolution for νe: ~5% 
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A R C A  S E N S I T I V I T Y
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After that: targeted point source studies, extended sources such as Galactic plane, 
diffuse flux determination, flavor composition, astrophysical  oscillations, multi-
messenger astronomy (i.e. coincidence with gravitational waves), …
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K M 3 N E T  D E T E C T O R
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Digital Optical Module (DOM)
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K M 3 N E T  S I T E S  
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ORCA 

• 30 km off French Coast 

• Depth ~2.5 km

ARCA 

• 100 km off Italian (Sicilian) 
Coast  

• Depth ~3.5 km
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K M 3 N E T  D E T E C T O R  L AY O U T
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ARCA 

• Horizontal DU spacing: ~100 m  

• Vertical DOM spacing: 36 m 

• 2 x 115 DUs 

• ~1 km3

ORCA 

• Horizontal DU spacing: ~20 m  

• Vertical DOM spacing: 9 m 

• 115 DUs 

• 5.7 Mton detector



D
aan van Eijk, N

PC
 N

eutrino
 Sem

inar

K M 3 N E T  P M T ’ S
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• 80 mm Hamamatsu R12199-02 

• Timing ≦ 2 ns RMS 

• QE ≧ 25-30% 

• HV for gain of 3*10
6
: 900-1300V 

• Dark count (15ºC, 0.3 pe threshold): 1.5 kHz 

• TTS: 4.5 ns FWHM 

• Price/cm
2
 <= 10”PMT 

• Low-power Cockcroft-Walton base provides 
negative HV to cathode
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K M 3 N E T  D O M  ( 1 )
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• Novel multi-PMT design: 

• 31 PMTs/DOM 

• Directional sensitivity 

• Suppress uncorrelated photon 
background from PMT 
coincidences 

• Photon counting 

• Total cathode area = 3 x 10” PMT  

• LED, piezo, compass, tilt meter
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K M 3 N E T  D O M  ( 2 )

24

• Read out only PMT time-over-
threshold (ToT) 

• No online triggering: all 
data to shore 

• LED for intra-DOM calibration 

• Piezo for acoustic positioning 

• Compass, tilt meter for DOM 
orientation
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K M 3 N E T  D O M  ( 3 )
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K M 3 N E T  D U

• 18 DOMs/DU 

• Anchor on sea bottom, buoy on top of DU keeps it upright 

• Two Dyneema® ropes to connect DOMs mechanically 

• Backbone cable : 2 copper conductors and 24 optical fibres (6 
spares) 

• Break-out of 1 fiber and power at every DOM 

• Base module with wavelength multiplexer at anchor 

• Cable from anchor for connection to seafloor network
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Not t
o sca

le!!!
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K M 3 N E T  C O N S T R U C T I O N :   
D E P L O Y M E N T
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ORCA deploy
ment m

ovie:
 

www.you
tube.

com/watch?
v=om

lFkd
CkbYk

https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk
https://www.youtube.com/watch?v=omlFkdCkbYk


D
aan van Eijk, N

PC
 N

eutrino
 Sem

inar

K M 3 N E T  F I R S T  R E S U LT S  ( 1 )

28



D
aan van Eijk, N

PC
 N

eutrino
 Sem

inar

K M 3 N E T  F I R S T  R E S U LT S  ( 2 )
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• Depth dependence of high-multiplicity rates measured with ARCA-DU1 
and ARCA-DU2 

• Excellent data/MC agreement  

• In-situ measured PMT efficiencies improve data/MC agreement 



D
aan van Eijk, N

PC
 N

eutrino
 Sem

inar

K M 3 N E T  F U N D I N G

• KM3NeT Phase-1 fully funded and under construction: 

• 24 ARCA DUs 

• 6 ORCA DUs 

• KM3NeT 2.0:  

• ARCA: 2 x 115 DUs by 2020 (1 block almost funded) 

• ORCA: 115 DUs by 2020 (half block funded) 

• On ESFRI roadmap (European Strategy Forum on Research 
Infrastructures)
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K M 3 N E T  S TAT U S  A N D  O U T L O O K

• One ORCA DU and two ARCA DUs have been taking data 
since their deployment 

• Redesign of Italian sea floor network underway 

• DOM and DU integration ongoing: 

• Additional 40 ORCA DUs by end of 2018 

• Additional 30 ARCA DUs by end of 2018 

• Next DUs to be deployed will be of ORCA type
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C O N C L U S I O N S
• KM3NeT is a next-generation neutrino telescope currently under construction in the 

Mediterranean deep-sea 

• Novel multi-PMT concept implemented in optical modules 

• Improved resolution due to water properties and detector technology, complementary field of 
view with respect to existing IceCube detector at South Pole 

• ARCA: 

• Independent confirmation of IceCube high-energy astrophysical neutrino flux: 

• 5 sigma within one year after detector completion 

• More than order of magnitude improvement in Southern Hemisphere point source sensitivity 

• ORCA: 

• Neutrino oscillation studies 

• Determination of NMH: three sigma in three years after detector completion 

• Better sensitivity possible depending on NMH and θ
23 

octant
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B A C K U P
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B A C K U P
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• From IceCube 2017 
numu disappearance
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• From T2K update 
article
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Upgoing region


